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AUTOMATIC REFERENCE POSITION TEACHING METHOD, AUTOMATIC 
POSITIONING METHOD, AND AUTOMATIC CARRYING METHOD FOR 
DISK-LIKE OBJECT, AUTOMATIC REFERENCE POSITION TEACHING 
DEVICE, AUTOMATIC POSITIONING DEVICE, AND AUTOMATIC 
CARRYING DEVICE FOR DISK-UKE OBJECT USING THESE METHODS, 
AND AUTOMATIC SEMICONDUCTOR MANUFACTURING EQUIPMENT 

DETAILED DESCRIPTION OF THE INVENTION 
Technical Field of the Invention 

The present invention relates to a method for automatically teaching a reference 
position which is the position of a disc-like object in a reference co-ordinate 
system including the position of the handling device which is required to be 
carried out at treating the disc-like object such as a semiconductor wafer and a 
device thereof; relates to an automatic positioning method using the method of 
deter minin g a center position in the teaching and a device thereof; relates to a 
carrying method for automatically correcting a carrying route utilizing the 
positioning and a device thereof, and further, relates to also an automatic 
semiconductor manufacturing equipment utilizing those devices. 

Prior Art 

As shown in F1G1 and FIG2, in general, a semiconductor manufacturing 
equipment 1 carries wafers by a carrying robot 4 from cassettes 6 in which 
semiconductor wafers and the like are stored on shelves to load lock chambers 8 
which are the carrying ports of various kinds of treatment chambers 7, or from 
the load lock chambers 8 to the treatment chambers 7, or has a carrying device 2. 
As shown in FIG3, the carrying robot 4 is equipped with a carrying arm 12 
which has a holding portion 14 which mounts or fixes wafers and the like and can 
move by extension and contraction, rotation and ascent and descent, and the 
motions of respective axes of the carrying robot 4 are controlled by a control 
portion 11. The control portion 11 memorizes the procedure and route of carrying 
and the co-ordinate information of carrying positions in the reference co-ordinate 
system containing the positional co-ordinate of the carrying robot 4 and 
dispatches motional orders to the respective axes of the carrying robot 4 based on 
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it. Thereby, the carrying robot 4 can automatically carry a disc-like object such as 
a wafer 13 to a fixed carrying position and the control portion 11 is required to 
recognize the positional co-ordinates of the fore-mentioned carious instruments 
and wafers in the above-mentioned reference co-ordinate system respectively, to 
do so, 

FIG.26 shows a portion of the flow chart of the teaching step for determining the 
original co-ordinate at the start-up of the semiconductor manufacturing 
equipment 1 in a conventional carrying device 2 which is shown in FIG25. The 
"teaching" herein is a work for determining the reference position for delivering 
a wafer 13 or the like between the carrying robot 4 and the cassettes 6 and the 
load lock chambers 8, between a positioning device 10 or the like which is 
separately provided, if necessary. 

For example, when the teaching is carried out with respect to a step of carrying 
the disc-like object such as a wafer 13 which is stored in the cassettes 6 to the 
load lock chamber 8, firstly, the temporary positional information (initial value) 
of the carrying robot 4 on design is inputted in the control portion 11 at the step 
SI, then the retaining portion 14 of the carrying robot 4 is moved little by little in 
a manual operation to the delivery position with the cassette 6 based on the 
design drawing by the step S2. However, the disc-like object remains to be 
mounted at the normal position of shelves in the cassettes 6 and remains in a 
condition in which it is not fixed on the retaining portion 14. 

Then, as shown in FIG3, a guide jig 20 is installed on the holding portion 14 at 
the step S3 and it is visually confirmed whether the mounting position of the 
disc-like object is perfectly coincided with the holding position on design 
drawing or not. When it is deviated, the carrying robot is moved by rotation, 
extension and contraction, and ascent and descent in manual operation at the step 
S4, the position of the holding portion 14 is corrected to a proper position, and 
successively, the positional information obtained in the step S4 is transmitted to 
the control portion 11 at the step S5 to renew the initial positional information. 

When there is no deviation in the confirmation at the step S3, the disc-like 
object retained is carried to the delivery position with the load lock chambers 8 at 
the step S6, and then it is visually confirmed at the Step S7 whether the carrying 
position of the disc-like object is just as the design drawing or not. When there is 
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deviation in an actual carrying position, the work returns to the step S4 and 
proceeds to the step S5. When there is no deviation, a series of the teaching are 
terminated. 

Thereafter, the teaching work of the reference position is carried out one by one 
in accordance with the procedures from the step SI to the step S7 between the 
positioning device 10 and the respective load lock chambers 8 with respect to the 
carrying robot 4 and between the respective load lock chambers 8 and other ports 
such as treatment chambers 7 with respect to the vacuum robot 31. 

Further, the positioning of the disc-like object in conventional manufacturing 
steps is carried out at each time using the positioning device (proprietary 
machine) 10 as shown in FIG25, In the carrying device 2 as shown in FIG25, 
after the wafer 13 is delivered once to the disc rotational positioning device 10 
which is separate from the carrying robot 4 in order to prevent that the locus of 
the wafer 13 during carrying is interfered with the cassettes 6 and the rims of 
respective inlets and outlets, the carrying robot 4 receives the wafer 13 again and 
usually carries it to an object position. 

There is proposed in JP-B-7-27953 a method by which in order to improve 
productivity by the above-mentioned delivery step, the carrying aim of the 
carrying Tobot is moved while holding a wafer and passes a gate type positioning 
device which has luminescence portions 9a and light receiving portions 9b 
respectively and in which three sensors 9 which detect a wafer 13 with light 
fluxes 9c were provided to calculate the center position of the wafer. In the 
method, the reference holding position of a wafer is preliminarily taught, the 
route of the holding portion 14 is corrected from the transition quantity between 
the teaching position and the center position of a wafer which was detected by 
the fore-mentioned gate type positioning device, and the wafer is carried to an 
objective place without interfering with other instrument Thereby, a time 
required for the delivery and reception for the positioning device 10 is shortened 
and the above-mentioned method contributed to the improvement of productivity. 

Problems to be Solved by the Invention 

However, as shown in the flow chart of FIG.26, a conventional teaching work 
which was previously described is an all manual system by which trial and error 
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are repeated using the guide jig 20 between all instruments with which the 
carrying robot 4 is participated while visually confirming, and it is a method 
requiring hard trouble. Since this is a continuation of tensible work by a skilled 
technician, a time of one full day or more was necessary for only the carrying 
device shown in FIG.25. 

Further, as mentioned above, a gate type positioning device which is described 
in JP-B-7-275953 and shown in FIC127 is proposed as the positioning of the disc- 
like object in production, but since an initial teaching uses also the fore- 
mentioned conventional method hereat, trouble required for the start-up of 
equipment is not changed at all. Furthermore, since it is a device passing a gate, 
there is a problem that one device must be set by every inlet of respective load 
lock chambers and respective treatment chambers, and there has been a problem 
that since the device is a larger device than the diameter of a disc-like detected 
object such as a wafer, investment cost is enlarged. Further, since there is no 
positioning step before inserting a disc-like object into the fore-mentioned gate 
type positioning device, it has been required that the manual positioning which is 
troublesome as described above is preliminarily earned out so that the disc-like 
object is not collided with the device. When it is collided with the device by any 
chance, there were problems that dusts are generated without fail and it happens 
to damage the disc-like detected object. 

Further, in the above-mentioned positioning device which is described in JP-B- 
7-275953, the judging method of a notching portion is geometrically illustrated, 
but a method of mathematically judging is not found yet. Accordingly, since a 
method of calculating a disc center by the minimum involution which is an 
approximation method is adopted, at least 3 of sensors 9 which are detection 
means are required and at least 7 points in total of at least 6 points on the 
peripheral rim of a disc and one point of the center of the disc holding portion 
must be measured. Further, since a point which exists on the peripheral rim of a 
notched portion and does not exist on a circumference is contained in the 6 points 
on the peripheral rim without fail, an accurate position is not strictly calculated 
and precision was bad. Further, there is proposed a calculation equation of 
determining the radius of a disc from 4 points on the peripheral rim which does 
not include the notched portion baked on known Phytagorean theorem, but since 



the point on the notched portion cannot be excluded, the accurate radius of a disc 
could not be really determined. 

Means for Solving Problems 

As a result of intensively studying for solving these problems, the present 
invention develops a novel and strict calculation method, measures and calculates 
the transition quantity of the center position of a disc-like object such as a wafer, 
and proposes a novel automatic teaching method which realizes the rapid start-up 
of semiconductor equipment and an automatic positioning method. Further, the 
present invention proposes also an automatic teaching device based on the theory, 
an automatic positioning device, an automatic carrying method of correcting a 
carrying route based on the transition quantity calculated, an automatic carrying 
device and further, an automatic disc-like object manufacturing equipment 
utilizing these. By the way, the "teaching" mentioned in the present invention 
means that in a handling device is inputted and memorized the reference position 
which is a positional co-ordinate in a reference co-ordinate system including the 
position of a device which handles a place where the disc-like object is situated 
and is the reference of motions of a holding portion and the like of the handling 
device which carries out the carrying of the disc-like object and other handlings. 
Further, the "positioning" in the present invention means that it is determined 
how far the positions of a disc-like object mounted on an arbitrary position on the 
holding portion and the like and the holding portion which holds it are deviated 
from the reference position previously inputted. 

Firstly, the principle of the present invention is illustrated. FIG.4 shows a case 
that the cnraimferencc of a disc and the circular arc shaped locus of one sensor 
cross. The disc 47 which should be measured forms a circular arc W1W3W5 if 
intersections of the above-mentioned circumference having a known radius r with 
a circular arc detected locus 43 having a known radius R are referred to as Wi 
and W2 and the apex of the circular arc of the above-mentioned circumference 
between these intersections is referred to as W 3 . The perpendicular bisector 42 of 
the section of a line W! and W 2 which both ends of the circular arc form passes 
the center A of the measured disc 47 and the center O of the circular arc locus of 
the sensor. The transition angle a of the perpendicular bisector 42 to the direction 
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41 preliminarily taught can be determined by measurement: Further, an angle 9 of 
the perpendicular bisector 42 to one end W x of the circular arc can be also 
determined by measurement. 

Then, as the center position of the measured disc 47, the section of a line AO (= 
U) whose length is unknown is determined. If a perpendicular is drawn from Wj 
to the section of a line W3O of the perpendicular bisector 42 and its intersection 
is referred to as B, 

fromAWiBO, BO = Rcos 9, WiB - Rsin 8 (Formula 1), 

from AWiBA, BO = rcos $ + U, WiB = rsin* —--(Formula 2), 

namely, Rcos 9 = rcos <J> + Li (Formula 3), 

Rsin 8 = rsin* (Formula 4). 

They are transposed and rearranged. 

rcos 4> = Rcos 9-Lx (FormulaS) 

rsin cj) = Rsin 6 (Formula 6) 

When (Formula 5) and (Formula 6) are squared and both of left and right sides 
are respectively added, 
cos 2 $ + sin 2 <J> = 1, 

r 2 m (Rcos 9 - Li) 2 + R 2 sin 2 9 — (Formula 7) 
accordingly, Li « Rcos 9 a (r 2 - R 2 sin 2 8) 172 — (Formula 8). 

Hereat, as shown in FIG4, when the center A of a disc to be measured is 
situated at the inside of a circle where its detected locus is mounted, against the 
detection locus 43 of the sensor, 

U =* Rcos 8 - (r 2 - R 2 sin 2 0) w —-(Formula 9). 
When it is situated at the outside, 

Li = Rcos 8 + (r 2 - R 2 sin 2 Q) m — (Formula 10). 
Hereat, since the center position C of the disc 46 preliminarily taught is known, 
the section of a line CO is referred to as LO, the transition length to diameter 
direction AH a Li - Lo — (Formula 11). 

Consequently, the positioning of the disc can be carried out using the fore- 
mentioned transition angle a and the transition length to diameter direction AH 
according to (Formula 11). 
Then, in F1G5, a case that the linear detection route 43 of one sensor intersects 
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the circumference of the disc-like object 46 being the reference in a circular arc 
shape is illustrated. When the intersection of the section of a line EF which both 
ends of the circular arc of the disc 46 situated at a position preliminarily taught, 
with the perpendicular bisector is referred to as D, the distance CD (= Xo) is 
cleared because it is preliminarily taught. 

Then, in FIGS, a case that the detection route 43 of a sensor cuts the 
circumference of the disc-like object 47 to be measured having a known radius r 
which is situated at a position A whose center is unknown, in a circular arc shape 
is described. When both end points of the fore-mentioned circular are axe referred 
to as W t and W 2) the length of the section of a line Wx and W 2 is known by 
measurement. When the intersection of the perpendicular bisector of the section 
of a line Wi and W 2 with the section of a line W : and W 2 is referred to as B and 
the unknown distance AB = X b AABW2 is a rectangular triangle; therefore 
Xi 2 + (BW2) 2 = r 2 — (Formula 12). 

Hereat, since BW a = WiWz/2, 

Xx = ± {r 2 - (Wi Wz/2) 2 } 1 * —(Formula 13). 

Accordingly, the transition quantity to an X direction is calculated as 
AX = Xo-Xi (Formula 14). 

Hereat, since the point D on the detection route 43 is the teaching position, it is 
* known and since the point B is the middle point of the points Wj and W 2 of 
measuring the section of a line, they can be determined by measurement. 

Accordingly, the transition quantity to a Y direction of 

AY = BD (Formula IS) 

is also determined by measurement 

Consequently, the transition quantity (AX, AY) is calculated. 

The inventions of Claims 1 and 2 relate to methods of teaching a reference 
position using the fore-mentioned principle. Namely, the present invention 
proposes a method for automatically teaching a reference position which is the 
reference of the position of a disc-like object in the reference co-ordinate system 
including the position of a handling device to the handling device of the fore- 
mentioned disc-like object, comprising a step of determining the center position 
of a disc-like object having a known radius which was situated at a fixed place 
being the reference position in the fore-mentioned reference co-ordinate system 
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and a step of memorizing the position of the fore-mentioned fixed place in the 
fore-mentioned reference co-ordinate system which was determined by 
calculation based on the fore-mentioned center position in the fore-mentioned 
handling device as the reference position, wherein a step of determining the 
center position of the fore-mentioned disc-like object comprises a step of 
relatively moving a detection means against the fore-mentioned disc-like object 
and making one lotus of the fore-mentioned detection means cross against the 
circumference of the fore-mentioned disc-like object, a step of determining the 
position of two intersections by the fore-mentioned crossing in the fore- 
mentioned reference co-ordinate system, and a step of calculating the fore- 
mentioned center position using the specific point on the perpendicular bisector 
of the section of a line combining the fore-mentioned two intersections, the fore- 
mentioned two intersections and the radius of the fore-mentioned disc-like object 
Claim 7 relates to a device for realizing the method. 

The specific point hereat is defined as a point which is known or measured. 
Namely, when the locus of the detection means is a circle, the circle is a 
rotational center and this is known. Further, when the locus of the detection 
means is a straight line, it is the middle point of the section of a line combining 
the fore-mentioned circumference with two intersections and determined by 
measurement immediately. In the present teaching method, when the disc-like 
object is placed at the fixed place being the reference position, it is preferably 
carried out by manual operation and then, when a commercially available wafer 
is used as the disc-like object is used, concave portions such as a notch and an 
orientation flat is preferably placed so as to be evaded from the detection route. 
Further, a disc-like object having no concave portion and convex portion other 
than a wafer may be used. Further, the positions of the concave portions and 
convex portions may be automatically confirmed by image processing and the 
like and the concave portions and convex portions may be automatically placed 
so as to be evaded from the detection route. 

Similarly, according to the fore-mentioned principle, when the disc-like object 
has no concave portion and convex portion, or when these are evaded as 
described above, a positioning method for a disc-like object according to Claim 3 
and a positioning device for a disb-like object according to Claim 9 using one 



detection means are proposed. The fore-mentioned detection device and 
positioning device include all devices such as a known robot, a carrying device 
and a proprietary positioning device by which the methods of the present 
invention can be realized as functions, as specific embodiments. 

In the present invention, a sensor for detecting the disc-like object may be fixed 
and the disc-like object may be moved, or the disc-like object may be fixed and 
the sensor may be moved. Further, the movement may be a linear line movement 
and may be circular movement. 

Further, in the methods according to claims 3 to 5, it is required to preliminarily 
teach the center position of the disc-like object, but at that time, the method 
according to claim 1 or 2 may be used and a conventional known method may be 
used. 

[Method 1 for evading notched portion] 
The inventions according to claims 4 and 10 propose the positioning method 
and the positioning device when there are the notched portion (concave portion) 
as the reference place on the peripheral rim of notches, orientation fiats or the 
like as a semiconductor wafer and the convex portion such as a grip installed on a 
disc. 

Namely, hereat, when the center position of the disc-like object is calculated, for 
example, different detection routes 43 and 44 are provided using the two 
detection means 9 as shown in FIG 6. When the detection route 43 passes the 
notched portion 51 which is a concave portion, the section of a line which is 
formed by the outer periphery of a disc and two intersections is shortened in 
comparison with a case that there is no notched portion, and it is calculated that 
the center of a disc is situated at the rotational center side O by the fore- 
mentioned calculation method. 

It is more specifically illustrated. When both of the detection routes 43 and 44 
do not pass the notched portion, it is calculated that both of distances of the 
center A of a disc and the rotational center O are AO from two triangles at the left 
side of the perpendicular bisector 4,2 in like manner as (Formula 16) in FIG.6. 
AO = Ricos 6i - (r - Ri 2 sih 2 

= R 2 cos e u - (r 2 - R 2 2 sin 2 6„) 1/2 —-(Formula 16) 

On the other hand, when the detection route 43 passed the notched portion 51, 
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the distance CO between the rotational center and the disc center is shorter by 
ALi in comparison with a case that there was no notched portion 51 and it is 
confirmed as the disc 49 in error. 

Namely, it is calculated as 

CO = Ricos 6i - (r 2 - Ri 2 sin 2 Bi)* 2 

= AO-ALi — (Formula 17). 

Accordingly, a larger value is selected comparing the calculation results of 
(Formula 16) and (Formula 17), , 

In FIG7, when there is the notched portion in the detection route 44, a larger 
distance AO is similarly selected. 

Namely, when the detection route passes on the notched portion, it is calculated 
that the disc center calculated is situated at the rotational center side O without 
fail and it is small. Two detection routes are separated so that the notched portion 
is provided on one of them, the circumference of a disc is cut into two circular 
arc shapes, both ends are respectively measured, and the disc center which is 
viewed from the rotational center, namely, the larger value of the distance AO is 
selected. 

By the way, when there is no notched portion on both of the two detection 
routes 43 and 44, the center position is found at the same place; therefore either 
may be adopted. 

[Method 2 for evading notched portion, method for passing twice by one sensor] 
Then, as shown in FIG.8 and FIQ9, in Claim 4, two different circular arcs may 
be formed by one sensor and twice rotational operations. Namely, when the 
center of the disc-like object is calculated, it is rotated while the distance R from 
the rotational center O to the detection route 43 remains as it is, and it is rotated 
by deviating the center position of the disc-like object by a distance m at the 
second time. However, it is required that the distance m is expanded at the second 
rotational movement to an extent that it is not hanged with the notched portion 
and set as a narrower interval than the diameter of the disc. 

Firstly, the detection procedure is illustrated in FIQ8 with respect to a case that 
the detection route 43 did not pass the notched portion 51 and a case that it 
passed the notched portion 51. Firstly, when the detection route 43 did not pass 
the notched portion 51, the disc is confirmed by the calculation equation 



(Formula 18) from a triangle having a rotational angle 61 which i$ situated at the 
left side of the perpendicular bisector 42 and the center is calculated as A. 
AO = Rcos Bi - (r 3 - R 2 sin 2 QO^ — (Formula 18) 

On the other hand, when the detection route 43 passed the notched portion 51, 
the disc 49 is recognized by recognizing in error that the distance between both 
ends of the circular arc is short from a triangle having a rotational angle 62 which 
is situated at the right side of the perpendicular bisector 42, and the center of the 
disc is recognized as C in error. 

CO = Rcos 62 - (r 2 - R 2 sm 2 bd in — (Formula 19) 
AO - CO = ALi — (Formula 20) 

Namely, it is calculated that the center C related to the notched portion 
approaches by ALi to the rotational center side O. 

Then, as shown in FIG9, a case of carrying out the rotational movement at the 
second time by shifting it by the distance m is mentioned. When the detection 
route 43 passed the notched portion 51 of the disc 47 at the first rotation, it is 
recognized in error that the circular arc was lessened, and it is calculated by the 
similar calculation as Formula 19 that the disc centeT is situated at C which 
approaches to the rotational center side O by ALi form the original center A\ 
Then, it is shifted by the distance m to a direction by which the rotational radius 
is enlarged, and when the detection route 43 is designed so as not to pass the 
notched portion 51 of the disc 50, it is recognized in error that the disc center is 
A" from Formula 9- 

Accordingly, larger (A"0 - m) may be adopted by comparing CO (= A'O - AL X ) 
withA"0-m. 

Similarly, even if the notched portion is not found at the first rotational motion 
and found at the second rotational motion, the larger distance may be selected as 
the distance between the correct center of the disc and the rotational center. 

Then, when there are convex portions not illustrated on the circumference of a 
disc, it becomes larger without fail as compared with the section of a line which 
two intersections form in comparison with a case that there was no convex 
portion. Accordingly, when there are convex portions on the circumference of a 
disc, it is calculated that the disc center is situated at a far position from the 
rotational center without fail in comparison with a case that there was no convex 



portion. Namely, it is better to always select a smaller distance as the correct 
distance between the disc center and the rotational center among the distances 
calculated from the two sections of lines by Formula 9 when there are the 
notched portions. Accordingly, the rotational center by the detection route which 
is not related with the concave portion and the convex portion can be selected 
When there were no concave portion and no convex portion on the two 

detection routes, either may be adopted because the center position is found at the 

'A 

same place as the fore-mentioned idescription. 

Further, when the two detection] rputes 43 and 44 are linear lines in Claims 4 
and 10, the same can be mentioned, and these are shown in FKxlO and F1G.11. 
When the detection route passes tie notched portion, it is calculated that the disc 
center calculated is situated at the pouter side from the detection route without fail. 
The detection routes 43 and 44 are separated by a distance m between parallels so 
that the notched portion does not enter, the circumference of a disc is cut into two 
circular arcs, respective ends are measured, and the disc center which is situated 
at inside viewed from the detection route may be selected. 

It is more specifically illustrated. In FIG 10, if there is no notched portion in 
both of the detection routes 43 and 44, calculations from respective cases are that 
the center position of the disc-like object is A and Xap = Xab + ni. 

However, when the detection route 44 catches the notched portion, it is 
recognized in error that the circular arc is small and a circle is 49 and it is 
calculated that the center is A* in the calculation method of the present invention. 

Accordingly, since Xap < X a *q, Xab + m< X A 'Q is obtained 

Namely, the center position information according to the detection results for 
the detection route 43 and the defejction route 44 is compared, and the smaller 
distance Xab + m may be selected as a correct value. 

Similarly, a case that the detection route 43 catches the notched portion is 
shown in FIG. 11. The calculation result for a case that there is no notched portion 
on the detection route 43 together is Xab - Xap - m. 

When there is a notched portion on the detection route 43, it is recognized as a 
circle 49, it is Xab < X A . B ', namely Xap - m < X A 'b-. 

Accordingly, the center position information according to the detection results 
for the detection route 43 and the detection route 44 are compared, and the 
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smaller distance Xap - ra may be selected as a correct value. A disc center which 
is situated at a near position viewed from the detection means is always selected. 

Further, Claims 4 and 10 includejalso a case that 2 different circular arcs are 
formed by one sensor and twice straight line motions. Namely, in FIG. 10 and 
FIG 11. when the locus of the detection means 9 draws the detection route 43 at 
the first motion and the detection route 44 at the second motion or the loci are 
drawn in its reverse order, the fore-mentioned illustration is applicable as it is. 

Then, Claims 6 and 12 propose a method of correcting a carrying route from a 
route preliminarily taught so as not to generate collision and interference at 
carrying a disc-like object such as a wafer to an objective place from the 
transition quantity of the center position determined, by applying the principle of 
the present invention to a device having carrying function* and a carrying device 
for doing so* 

[Method of determining wafer radius r with 3 detection routes] 
6 Kinds of 3 inches, 4 inches, 5 inches, 6 inches j 8 inches and 300 mm for 
semiconductor wafers among the disc-like object are specified according to the 
SEMI specification by International Semiconductor Manufacturing Device 
Material Associate, and stored in proprietary cassettes for every size. Accordingly, 
since the radius r of the wafer is grasped at a time at which the cassette was 
placed, it has been treated as a known value in the fore-mentioned calculation 
process. However, there are case that it is confirmed what wafer size it is during 
the carrying step, and specifically, a case that the radius is occasionally required 
to be measured because of difference of the wafer diameter by makers, 
unevenness between lots, and the like. 

The present invention can correspond to the requirement and also measure and 
calculate the radius of the disc-like object 

Claims 13 to 16 describe a method of positioning the disc-like object based on 
the calculation result by measuring a disc-like object with an unknown radius and 
calculating its radius and center position and a device thereof, and Claim 17 
describes a carrying device correcting its carrying route based on the calculation 
result. 

Hereat, the principle determining the radius of a disc is illustrated for a case that 
the circumference of a disc and the rotational routes of 3 sensors crossed, using 



FIG 12. A rotational base line 40 is a line preliminarily defined. When the 
detection route 43 among 3 detection routes 43, 44 and 45 passes a notched 
portion, the perpendicular sector 42 between the sectors of lines of respective 2 
intersections of other detection routes 44 and 45 with the outer peripheral rim of 
a wafer is common and an angle formed between the rotational base line 40 and it 
is on, but in case of the detection route 43, an angle formed between the 
rotational base line 40 and a perpendicular sector 48 is a*, and it is different from 
the previous cci. Accordingly, only the detection route 43 in which the angle of 
the perpendicular sector is different is excluded. 

The triangles which are composed of the rotational center O and respective 2 
intersections of the detection routes 44 and 45 with the outer peripheral rim of a 
wafer are equilateral triangle together, and a line 42 forms 4 rectangular triangles. 
Rotational angles 0i and 62 are measured angles together, rotational radii Rj and 
R 2 are setting distances together, and L is an unknown figure. 
r 2 = (Ricos 6 X - L) 2 + Ri 2 sin 2 61 — (Formula 21) 
r 2 = (R 2 cos 6 2 - L) 2 + R 2 2 sin 2 62 — (Formula 22) 

When the detection routes 44 and 45 are situated at a farther distance than the 
disc center viewed from the rotational center, 

L = Ricos 6i - (r 2 - R a 2 sin 2 81)^ (Formula 23) 

L = R 2 cos 0 2 - (r 2 - R 2 2 sin 2 (Formula 24). 

When Formula 24 is substituted in Formula 21, 
r 2 = {Ricos 6i - R2COS 6 2 + (r 2 - R 2 2 sin 2 6a) 172 } 2 + Ri 2 sin 2 8i 

— (Formula 25) 

Hereat, S = (r 2 - R 2 2 sin 2 0 2 ) l/2 (Formula 26) 

When Formula 26 is substituted in Formula 25, 
S 2 = (Ricos 6i - R 2 cos 82 + S) 2 + Ri 2 sin 2 8i - R 2 2 sin 2 &2 

— (Formula 27) 
S 2 - (Ricos 8i - R 2 cos 0 2 ) 2 + 2(Ricos 81 - R 2 cos 0 2 )S + S 1 + 
Ri 2 sin 2 Bi - R 2 2 sin 2 8 2 — (Formula 28). 

When it is solved with respect to S, 
S = {R 2 2 sin 2 8 2 - Ri 2 sin 2 6 1 - (R x cos 6 a - R 2 cos 82)*} 

/2(R x cos 8i - R 2 cos 8 2 ) — (Formula 29). 
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(r 2 - R 2 2 sin 2 8 2 ) l/2 = {R 2 2 sin 2 62 - Rrsin 2 0i - (RlCOs 81 - R 2 cos 8 2 ) 2 }/2(R lC os 6! 
- R 2 cos 8 2 ) — (Formula 30). 

When both sides are squared, 
r 2 = {R 2 2 sin 2 62 - Ri 2 sin 2 Bi - (Ricos 0i - Rzcos 6 2 ) 2 } 2 
/4(RiCos 8i - R 2 cos 8 2 ) 2 + R 2 2 sin 2 62 — (Formula 31). 

When Formula 31 is substituted in Formula 24, 
L = R 2 cos 8 2 - [{R 2 2 sin 2 82 - Ri 2 sin 2 81 - (Ricos 8 t - R 2 cos 8 2 ) 2 } 2 /4(RiCOS B x - 
R 2 oos 6 2 ) 2 - R 2 2 sin 2 82 + R 2 2 sin 2 8J 172 

= R 2 cos 82 - {(R 2 2 sin 2 8 2 - Ri 2 sin 2 8i)/(Ricos Qx - R 2 cos 0 2 ) 2 -l}/2 

— -(Formula 32). 

HeTeat, since the rotational angles Bi and 8 2 are measured angles together, L is 
determined, and the center A of the disc-like object 47 is determined at a distance 
Lfrom the rotational canter O on the common perpendicular sector 42. 

By the way, since the radius r of the disc-like object with an unknown radius is a 
positive figure, it is determined by (Formula 33). 
t = [{R 2 2 sin 2 82 - Ri 2 sin 2 81 - (Ricos 81 - R 2 cos 8 2 ) 2 } 2 
/4(R x cos 81 - R 2 cos 82) 2 + R 2 2 sin 2 8 2 ] 1/2 — (Formula 33). 

Hereat, a case that 3 detection loci of the detection means are circular arcs was 
illustrated, but these detection routes may be 3 parallel lines. In that case, when 
one point of 3 parallel lines or other one arbitrary point is set as a base point in 
place of the rotational base line 40; the radius and the center position of a disc- 
like object with an unknown radius can be similarly determined. 
• The center position of a disc-like object with an unknown radius can be also 
specified according to the second method of the present invention which detects 
at least 3 points on a peripheral rim. Since at least 3 points on the peripheral rim 
of the disc-like object are detected in the second method, the locus of a detection 
means against a disc-like object is relatively drawn by fixing the detection means 
to move the disc-like object, or by inversely fixing the disc-like object to move 
the detection means. 

When a one-point detecting type detection means is used, 3 points or more cross 
with a circle of the peripheral rim of the disc-like object. For example, there are 
preferably methods of detecting 3 points by one pencil writing such as a method 
of making a triangle function curve as the locus of the detection means cross with 
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a circle of the peripheral rim of tije disc-like object; a method of making the 
detection means cross against a circle of the peripheral rim of the disc-like object 
along a multidimensional curve of a quadratic or more (for example, in FIG.28 
and FIG29, a sensor as the one-point detecting type detection means is relatively 
moved against a disc-like object along a secondary curve) and making it 
intersect; a method of making a peripheral rim cross at 2 points with a straight 
line as the locus of the detection means, folding it in a V-charactcr type and 
further detecting 2 points; and a method of making a peripheral rim cross at 2 
points with a straight line, folding it in a U-character type and further detecting 2 
points, etc. Further, there may be used a method of obtaining 4 intersections 
against a circle of the peripheral rim by making the locus of one detection means 
be an ellipse or an oval in which a long diameter is larger than the diameter of the 
fore-mentioned disc, namely, an O-character type. In summary, 3 points or more 
aTe designed to be detected by relatively moving the detection means against a 
disolike object. 

When 2 or more of the detection means are used, the locus is made the 
peripheral rim of a disc-like object cross once or more. A key type such as a V- 
character shape or I^character shape is determined by a combination of 2 straight 
lines. Further, in order to exclude movement in a sharp angle, a U-character type, 
a C-character type or an O-character type (ellipse or oval) which is a combination 
of a circle and the fore-mentioned various curves with a straight line may be 
good. When 3 to 4 or more of one-point detecting type detection means are used, 
it may be good that all of the detection means cross only once with the peripheral 
rim of the disc-like object. 

In the present invention, when at least 3 points on the peripheral rim of the disc- 
like object are detected, the radius of the disc-like object can be calculated by the 
formula of a circumference without calculating the sequence of a line binding 
both ends of a circular arc and its perpendicular sector. When the peripheral rim 
is a real circle, a circle is determined when 3 points are decided, but when there 
is a notched portion in a semiconductor wafer, at least 4 points are required. 

A method of determining a center point (center position) from 3 points on the 
peripheral rim of the disc-like object with an unknown radius is illustrated using 
FIG.30. Provided that, 3 points on the peripheral rim of the disc-like object are 
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points on a real circle which docs not catch a notched portion, hereat. A rotational 
angle from a rotational reference line to an intersection is measured by making 
the one rotational route 43 of a sensor (for example, an optical sensor having 
only one pair of a luminescence portion and a light reception portion, and the 
like) as the one-point detecting type detection means cross with the peripheral 
rims of the disc-like objects 47 and SO whose distances from the rotational center 
to the center position are mutually different, Hereat, for convenience, the zero 
point of the reference co-ordinate is set as the center of a rotational channel, and 
the rotational base line is parallel to a horizontal plane and coincides with an X- 
axis of a plane on which the disc-like object 47 moves. Further, the sensor is 
situated on the rotational base line (X-axis) before rotational operation of the 
sensor and the sensor shall move on the rotational channel 43. 

The co-ordinate of intersections of the rotational channel 43 with respect to the 
peripheral rim of the real circular disc-like object with no notched portion are 
calculated as follow from the rotational angle measured. Intersections of the 
peripheral rim of the disc-like object 47 with the rotational channel 43 before 
movement are referred to as W 4 and W 5 , the peripheral rim of the disc-like object 
SO which moved by m from the position of the disc-like object 47 to a direction 
of a rotational original point with the rotational channel 43 are referred to as W 6 
and W 7j and the rotational angles from the rotational base line (X-axis) to the 
intersections W*, W 5 , W € and W 7 are referred to as 6 4 , 6 S , 66 and 67. Further, a 
distance from the rotational center to the sensor is referred to as R. 

The co-ordinate (x n , y„) of W B is determined as follow. Provided that n « 4, 5, 6 
and 7. 

Xn cos 6 n -sin B„ 

yn sin 6* cos 9 ft 

Then, since W 8 and W 9 moved to W 6 and W 7 on the peripheral rim of the disc- 
like object SO in accordance with the movement of the disc-like object from the 
position of the disc-like object 47 to the position of the disc-like object 50, the 
co-ordinate of Wg and W* is represented below. 

Further, (9 e + 8 7 )/2 is an angle which the rotational base line and a line passing 
the center point and the rotational center point of the disc-like object 47 forms. 
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m cos ($6 + 9 7 y2 
m sin (06 + 9 7 )/2 



are substituted, 




r 2 = (X4 - xo) z + (y 4 


-yo) 2 


r 2 = (x 5 - xo) 2 + (y s 


-yo) 2 


r 2 = (xs - xq) 2 + (y a 


-yo) 2 


i 2 = (x 9 -x 0 ) 2 + (y9 


-yo) 2 



According to the above-mentioned intersection co-ordinates, the formula 
determining the co-ordinate (xo, yo) of the center position of the disc-like object 
is as follow. 

The circumference of the disc-like object on the reference co-ordinate system is 
represented as 

r 2 = (x-x 0 ) 2 + (y-yo) 2 • 
according to the formula of a circumference. 

When the co-ordinates of points W 4 , W 5 , W 7 and W 8 on the disc-like object 50 

(Formula 41) 

— (Formula 42) 

(Formula 43) 

(Formula 44). 

The radius r of and the center co-ordinate (xo, y 0 ) of the disc-like object are 
determined by three Formulae among the above-mentioned Formulae 41 to 44. 
Hereat, they are represented below using Formulae 41 to 43. 

Since the intersections W 4 , W 5 and W 8 are situated on the same peripheral rims, 
the radii are the same. Consequently, 

(X4-X0) 2 + (y 4 - yo) 2 = (x 5 - xo) 2 + (ys - yo) 2 — (Formula 45) 
(x 5 - xo) 2 + (y* - yo) 2 = (*$- xo) 2 + (y 8 - yo) 2 — (Formula 46) 

When it is solved with respect to xo from Formula 45, 
Xo = {(2y 0 - y 4 - ys)(y4 - ys)}/2(x4 - x 5 ) + (x 4 + x 5 )/2 —(Formula 47) 

When Formula 47 is substituted in Formula 46, yo is determined. 
{(2y 0 - y* ~ ysXV4 - y*)}/2(x4 - x 5 ) + (x 4 + x 5 )/2 = {(2y 0 - y 5 - ys)( ys - ya)}/2(x5 - 
xs) + (x 5 + x 8 )/2 (Formula 48) 

When this is rearranged, 

yo - {(y 4 + y 5 )( y< - y5)(x 5 - x 8 ) + (y 5 + y 8 )( ya- ysX**- x 5 ) + (x 4 - x 5 )(x 5 - x*)(xs 

- X4)}/2{(y 4 - y 5 )(*s - x 6 ) + ( ys - ye)(x4 - x 5 )> — (Formula 49) 
xo is obtained by substituting Formula 49 in Formula 47. 
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Xo ={(y 4 - ys)(xs- x 8 )(xs + x 8 ) + (y$ - ys)(x4- x 5 )(x 4 + x 5 ) + (y 4 - ysXys - ys)(ys - 

y 4 )}/2{(y 4 - ys)(x 5 - x 8 ) + ( Ys - ys)(x4 - x 5 )} — (Fonnula 50) 
Thus, Fonnula 50 is obtained. 

Even if Formula 44 using a point W* is used in place of either of Formulae 41 to 
43, the same (xo, yo) is obtained because W 5> W 8 and Wg are situated on a real 
circle. 

Then, when either of one of intersections catches a notched portion, four 
intersections are measured. Among 4 points, there are 4 kinds for a combination 
consisting of a pair of 3 points, and there is only one kind for the combination 
including no notched portion. Consequently, when the radius r is determined 
from (xo, yo) which was determined as described above and Formulae 41 to 44, r 
for a case of only one having no notched portion is a value different from r in 
case that there are 3 kinds having a notched portion. Since there is no way 
selecting one kind having no notched portion, a processing for measuring 4 
points by changing the position of a locus against the disc-like object and 
calculating them again is repeated until all values r coincide when all values r at a 
combination of 4 kinds do not coincide, and then a radius r having a correct value 
is determined. 

Further, the center points of the disc-like object which were determined from a 
combination of 3 Formulae among Formulae 41 to 44 without determining the 
value r are directly compared, and when they coincide, they are adopted as the 
center point having a correct value and when they do not coincide, they may be 
measured again. 

Claims 18, 22, 26, 27, 31 and 35 relate to a novel method of using a one-point 
detecting type sensor and a device thereof among an automatic teaching method, 
an automatic positioning method, an automatic teaching device and an automatic 
positioning device which applied the fore-mentioned principle. 

Claims 2, 5 and 14 and Claims 8, 11 and 16 relate to a novel method in which a 
sensor locus is a circular route and a device thereof among an automatic teaching 
method, an automatic positioning method, an automatic teaching device and an 
automatic positioning device which applied the fore-mentioned principle. 
The sensor may move on the circular route and the disc-like object may move in 
rotation. 
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Further, the present invention provides an automatic manufacturing equipment 
of semiconductors and the like in Claim 36 by using any one of, or a plural 
number of the fore-mentioned automatic teaching devices, automatic positioning 
devices and automatic carrying devices. 

The present invention can be realized in not only a positioning proprietary 
device, but also a carrying device. Further, the automatic carrying device 
mentioned here includes carrying devices having a rotational movement 
mechanism and/or straight line movement mechanism, for example, known 
devices such as a scalar type robot, a multi-joint robot and an XY-axis transfer 
table. 

As the kind of the sensor detecting 2 points on the outer peripheral rim of the 
fore-mentioned disc-like object, a non-contact type sensor is preferably used. 
Since it treats often semiconductor wafers which arc electronic parts, not an 
electromagnetic sensor and a mechanical sensor but a permeable type or 
reflective type optical sensOT is preferable. Among them, it may be a two 
dimensional sensor such as a CCD accompanied with an image processing means, 
a line sensor by which luminous quantity is quantified, and a point sensor 
grasping ON and OFF. In order to realize the present invention by the optical 
sensor, one-point detecting type detection is adequate in minimum, but two 
sensors may be used for detecting a notch and an orientation flat as mentioned 
above. As the sensor measuring a transition angle, a known angle sensor such as 
an encoder may be used, but pulse values as an angle may be adopted by a pulse 
motor such as a servo motor or a stepping motor. 

The above-mentioned respective calculation formulae which were described in 
the present invention can be easily calculated by a calculation means composing 
of a computer for controlling the carrying robot of a carrying device and the like 
according to a usual computer program, and the calculation result can be easily 
reflected to the movement route of each portion of the carrying devices if it is 
applied to the controlling means which is composed of a computer for controlling 
the carrying robot and the like of a carrying device. 

Further, the reference co-ordinate system in the present invention may be not 
only a rectangular co-ordinate system but also a polar co-ordinate system, and 
may be a system directly representing a position in the co-ordinate system by a 
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co-ordinate value but also a system indirectly representing it by the operational 
quantity of respective axes of a carrying robot, and the like. 

BRIEF DESCRIPTION OF DRAWINGS 

FIG.1 is a partially notched cross-eyed view illustrating one Example of 
semiconductor manufacturing equipment for carrying out the present invention. 

FIG.2 is a plane view illustrating the semiconductor manufacturing equipment 
of the above-mentioned Example. 

FlCx3 is a partially notched cross-eyed view illustrating a carrying robot in the 
semiconductor manufacturing equipment of the above-mentioned Example. 

FIG.4 is a plane view illustrating the principle of the method of the present 
invention. 

FIGL5 is another plane view illustrating the principle of the method of the 
present invention. 

FIG6 is a plane view illustrating the principle of detecting a notched portion 
according to two detection means of the method of the present invention. 

FIGL7 is another plane view illustrating the principle of detecting a notched 
portion according to two detection means of the method of the present invention, 

FIG.8 is a plane view illustrating the principle of detecting a notched portion 
according to one detection means of the method of the present invention. 
FIG.9 is another plane view illustrating the principle of detecting a notched 
portion according to one detection means of the method of the present invention. 

FIG 10 is a plane view illustrating the principles of detecting and positioning a 
notched portion according to two detection means of the method of the present 
invention. 

FIQ11 is another plane view illustrating the principles of detecting and 
positioning a notched portion according to two detection means of the method of 
the present invention. 

FIG.12 is a plane view illustrating the principles of calculating the radius of a 
disc based on the method of the present invention. 

FIG13 is a flow chart illustrating the teaching procedure to a carrying device 
using one Example of the teaching method of the present invention. 

FIG. 14 is a flow chart illustrating the teaching procedure to a carrying device 
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using one Example of the teaching method of the present invention, 

FIG 15 is a flow chart illustrating the teaching procedure of other port to a 
carrying device using one Example of the positioning method of the present 
invention. 

FIG 16 is a partially notched cross-eyed view illustrating one Example of a 
carrying device for carrying out the present invention. 

FIG 17 is a partially notched cross-eyed view illustrating one Example of a 
positioning device for carrying out the present invention. 

FIG 18 is a partially notched cross-eyed view illustrating another Example of a 
positioning device for carrying out the present invention. 

F1G19 is a partially notched cross-eyed view illustrating other one Example of a 
positioning device for carrying out the present invention. 

FIGL20 is a partially notched cross-eyed view illustrating other one Example of a 
positioning device for carrying out the present invention. 

FIG21 is a partially notched cross-eyed view illustrating other one Example of a 
positioning device for carrying out the present invention, 

FIG22 is a partially notched cross-eyed view illustrating one Example of 
detecting and positioning a notched portion according to one detection means of 
the present invention. 

FIG23 is a partially notched cross-eyed view illustrating one Example of 
detecting and positioning a notched portion according to two detection means of 
the present invention. 

FIG24 is a partially notched cross-eyed view illustrating one Example of a 
carrying device for carrying out the present invention. 

FIG.25 is a partially notched cross-eyed view illustrating a conventional 
carrying device. 

FIG26 is a flow chart illustrating the teaching procedure in a conventional 
carrying device. 

FIG27 is a cross-eyed view illustrating an example of a conventional 
positioning device. 

FIG28 is a plane view illustrating one example of the detection method of the 
peripheral rim of a disc-like object by one sensor of the method and device of the 
present invention. 
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FIG.29 is a plane view illustrating other one example of the detection method of 
the peripheral rim of a disc-like object by one sensor of the method and device of 
the present invention, 

FIG30 is a plane view illustrating a method of determining a center point from 
at least 3 points on the peripheral rim of a disc-like object by the method and 
device of the present invention. 

FIG31 is a plane view illustrating one Example of a method of deter minin g a 
center point from 4 points on the peripheral rim of a disc-like object and a device 
thereof based on the present invention. 

FIG32A and FIG.32B are plane views illustrating other one Example of a 
method of determining a center point from 4 points on the peripheral rim of a 
disc-like object and a device thereof based on the present invention. 

Modes of Operation of the Invention 

Examples of the methods of positioning a disc-like object with respect to the 
semiconductor manufacturing equipment related to the present invention are 
illustrated below based on drawings. 

The semiconductor manufacturing equipment 1 shown in FIG.1 is equipped with 
a carrying device 2 which carries a wafer 13 being the disc-like object from a 
cassette 6 to load lock chambers 8 and the like and a processing device 3 which is 
connected with the load lock chambers 8 and carries out various processing such 
as film forming, diffusion and etching for the wafer 13. The carrying device 2 
among them is composed of being equipped with one or a plural number of 
stages 19 which mount a cassette 6 in which wafers are stored in a shelf shape, a 
scalar type carrying robot 4 having a carrying arm 12, a transfer means 17 which 
moves the carrying robot 4 in parallel to the row in front of a plural number of 
stages arranged, a sensor 9 as the detection means, and a control portion 11 
having a normal computer which controls the operation of those carrying robot 4, 
a transfer means 17 and a sensor 9.Further, a conventional positioning device 10 
shown in FIG25 can be included in the composition of the carrying device 2 for 
carrying out the correct positional correction of a disc-like object and detecting a 
notched portion such as the notch of the rim portion of a wafer, and the like. 

Similarly, the processing device 3 shown in FIG1 is composed of being 
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equipped with one or a plural number of chambers 7 which carry out various 
processing such as resist coating,, exposure and etching, a transfer mounting 
chamber 16 which links the fore-mentioned chambers 7 mutually, a vacuum robot 
31 which is provided in the transfer mounting chamber 16 and carries the disc- 
like object, the sensor 9 which is the detection means, the load lock chambers S 
which delivers the disc-like object carried by the scalar type carrying robot 4 of 
the carrying device 2, and the control portion 11 which is used with the carrying 
device 2 and controls the operation of the chamber 7, the vacuum robot 31, the 
sensor 9 and the doors described later of the load lock chambers 8. 

Further, pockets not illustrated for mounting a plural number of disc-like objects 
on a shelf are provided in the load lock chambers 8. Further, load lock doors 32 
are provided at the inlet and outlet of carrying for making the load lock chambers 
8 be a vacuum condition. 

[Reference position teaching method (1)] 

Firstly, an original co-ordinate which illustrates the positional relation between 
the holding position and the disc-like object is taught before carrying out 
teaching in respective ports such as the respective cassettes, the respective load 
lock chambers 8 and the respective processing chambers. 

In order to automatically carry the wafer 13 in the semiconductor manufacturing 
equipment 1 of FIGL2, after the reference position being the original, co-ordinate 
on the reference co-ordinate system including at least one of the positions of the 
carrying robot 4 and the vacuum robot 31 is previously taught to the control 
portion of the carrying device 2 and the processing device 3, it is required to 
teach the carrying route. Since the position before the teaching is usually 
designed including a margin, the details are required to be matched at the spot. 
One Example of the reference position teaching method of the present invention 
is shown in FIG13 in case of using one load lock chamber 8. 

Firstly, at the step Sll, the temporary positional information (initial value) of 
the first load lock chamber 8 in the above-mentioned reference co-ordinate 
system on designing before teaching is inputted in the control portion 11. Then, 
at the step S12, the holding portion 14 of the carrying robot 4 is introduced 
through the load lock door 32, and a wafer or a disc-like object with the same 
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diameter consisting of other board (hereat, shown by the same code as the wafer) 
which was manually placed at a fixed place being the reference position in the 
first load lock chamber 8 is held by the holding portion 14 to be carried out. 

Then, at the step S13, the holding portion 14 carries the disc-like object 13 to 
the sensor 9 as the detection means and is rotated centering the body axis of the 
robot 4, and the outer peripheral rira portion of the disc-like object 13 is cut in a 
circular arc with light of the sensor 9 and the position against the holding portion 
14 of 2 points of intersections of the outer peripheral rim portion of the disc-like 
object 13 with the sensor light, or the position in the above-mentioned reference 
co-ordinate system is detected. Then, at the step S14, it was determined from the 
positional information of 2 points on the outer peripheral rim according to the 
formulae previously described. The center position of the disc-like object 13 at 
the above-mentioned fixed place is transmitted as the reference position to a 
carrying robot operation controlling program which the control portion 11 has, 
the temporary positional information which was inputted at the step Sll is 
rewritten and the original co-ordinate teaching work is terminated 

By the way, the control portion 11 itself carries out these steps Sll to S14 by the 
program which was preliminarily provided to the control portion 11* 

Similarly, the teaching is respectively carried out for the respective ports such as 
other load lock chambers 8 using the vacuum robot 31- Namely, in the present 
invention, all can be automatically taught (antomatic teaching) except that the 
disc-like object such as a wafer is manually placed on a fixed place being the 
reference position concerning respective ports at first. At that time, it is 
unnecessary that the holding center of the holding portion 14 coincides 
completely with the center of the disc-like object 13 as a conventional teaching 
when the holding portion 14 holds the disc-like object 13. It may be deviated a 
little when the arm of the carrying robot 4 does not interfere with the load lock 
door 32 and other instruments. 

[Reference position teaching method (2)] 

In other Example of the reference position teaching method of the present 
invention, a conventional guide jig may be used. It is a method by which the 
holding portion 14 is transferred to an appropriate position where a person works 



easily, a guide jig 20 shown in FIG3 is provided on the holding portion 14, the 
disc-like object is mounted on the holding portion 14 and pushed on the guide jig 
20 with a hand, and the center position of the disc-like object at that time is the 
reference position. The guide jig 20 fixes the position of the wafer physically 
with a curved surface coinciding with the wafer and the reference plane of a 
plane consisting of the holding portion 14. FIGL14 shows a flow chart of the 
processing procedure when the automatic teaching is carried out in the device of 
FIG3. In the processing, a positional relation between the holding portion and the 
disc-like object is firstly taught as the reference position before carrying out the 
teaching to respective ports such as the respective cassettes and the respective 
load lock chambers. 

Firstly, at the step Tl, the temporary positional information (initial value) of the 
disc-like object against the holding portion 14 is inputted in the control portion 
11. Then, at the step T2, the guide jig 20 and the disc-like object 13 are mounted 
on the holding portion 14 in a manual work and they are manually adjusted so 
that the center position of the disc-like object comes to an appropriate position. 

Then, at the step T3, the disc-like object 13 is rotated to the sensor 9 as the 
detection means, and the position against the holding portion 14 of 2 points of 
intersections of the outer peripheral rim portion of the disc-like object 13 with the 
sensor light, or the position in the above-mentioned reference co-ordinate system 
is detected. Then, at the step T4, the center position of the disc-like object 13 on 
the holding portion 14 which was determined from the positional information 
according to the formulae previously described is transmitted as the reference 
position on the holding portion 14 to a carrying robot operation controlling 
program which the control portion 11 has, and memorized in the control portion 
11. 

By the way, the control portion 11 itself carries out these steps Tl to T4 except 
the step T2, by the program which was preliminarily provided to the control 
portion 11. 

[Other port teaching method] 

The procedure of teaching (including the positioning and route correction) in 
case that the disc-like object is carried out from a cassette by the automatic 
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teaching based on the reference position which was determined as described 
above is shown in the flow chart of FIG15. 

Firstly, at the step Ul, the carrying temporary positional information (initial 
value) and the reference positional information are inputted in the control portion 
11. Then, at the step U2, the cassette 6 and the disc-like object 13 are mounted on 
a designed position in a manual work. 

Then, at the step U3, the carrying robot 4 receives the disc-like object 13 from a 
delivery place in the cassette 6. 

Then, at the step U4, the carrying robot 4 transfers the disc-like object 13 to the 
sensor 9 to be TOtated and 2 points on the outer peripheral rim are detected in like 
manner as the above-description. 

Then, at the step U5, the information (measurement value) obtained in the step 
T4 is transmitted to a transition quantity calculating means. Then at the step T6, 
the measurement value is compared with the reference position to calculate 
transition quantity. Then, at the step U7, when there is a deviation, the transition 
quantity is transmitted to a carrying robot operation controlling program which 
the control portion 11 has. 

By the way, the control portion 11 itself becomes a transition quantity 
calculating means and the like and carries out these steps Ul to U7 except the 
step U2, by the program which was preliminarily provided to the control portion 
11. 

Then, at the step U8, the control portion 11 corrects the locus of the carrying 
robot 4 considering the above-mentioned transition quantity. Namely, the initial 
value which is a carrying position on a designed drawing is renewed. When there 
is no deviation, a series of the teaching is terminated. 

Similarly, each of the delivery places with respective ports such as other 
cassettes 6 and the respective load lock chambers 8 is also carried out according 
to the procedures of the step Ul to U8 of F1Q15. All steps except the step of 
mounting the disc-like object in a manual work to a position on a designed 
drawing in the step U2 came to be able to be automatically carried out. 

Further, when the position of the cassette 6 and the like are moved at 
maintenance, all of the troublesome steps of SI to S7 of FIG.26 have been 
conventionally carried out again manually, but in the automatic teaching based on 
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the present invention, after only the step U2 of FIG15 is manually carried out, 
the residual steps proceed automatically. Further, when the holding portion 14 
was replaced, the teaching of the reference position is carried out again from the 
step Ul, new information is compared with old information and the transition 
quantity shall be reflected to respective measurement values. Thereby, the 
carrying position to the load lock chambers 8 becomes always constant, 
interference nearby respective processing chambers 7 is extinguished and dusts 
are also reduced. 

FIG16 shows the carrying device 2 equipped with the carrying robot 4 and the 
optical point sensor 9 which is the detection means, as one Example of the 
positioning device of a disc-like object of the present invention. The driving 
means of operating the carrying arm 12 of the carrying robot 4 has a reference 
point previously set, and the transition quantity is determined by measuring the 
output signals of the optical sensor 9 and the pulses of a stepping motor of the 
above-mentioned driving means and calculating them. When the carrying arm 12 
starts up, it is confirmed by the control portion 11 that all axes of the carrying 
robot 4 are situated at the reference point, and the respective axes of the carrying 
robot 4 are bent and stretched, ascended and descended and rotated at the sensor 
9 to carry out the positioning of the wafer 13. 

FIG16 illustrates one Example of the positioning method of the present 
invention by which the reference position of a wafer 13 is preliminarily taught. 
The carrying robot 4 which mounted the wafer 13 on the holding portion 14 of 
the carrying arm 12 from the cassette 6 and carried it is rotated centering the 
rotational axis of its body, passes the wafer 13 between a D-character shape 
frame of the optical sensor 9 which was fixed as the detection means, and cuts 
the outer peripheral rim of the wafer 13 with sensor light in a circular arc 
Thereby, the center position of the wafer 13 is calculated by measurement, the 
transition quantity and the positional co-ordinate of the outer peripheral rim of 
the wafer are calculated by the above-mentioned transition quantity calculating 
means, and the position of the wafer on the holding portion 14 of the carrying 
arm 12 is determined. 

The transition quantity calculated is transmitted to the control portion 11 which 
controls the motion of the carrying arm 12, and the carrying position and carrying 



route are corrected by adding a corrected value considering the transition quantity 
to the information of the carrying position preliminarily taught. Further, the 
sensor 9 as the detection means in FIG16 is set at a fixed position against the 
carrying robot 4 and a position at which the disc-like object 13 can be detected 
when the carrying arm 12 holding the wafer 13 is rotated. 

The vacuum robot 31 in the processing device 3 at the right side of FIG.16 
carries out also the teaching of the reference positions in the respective load lock 
chamber 8 and respective processing chambers 7 and the positioning for 
correcting a position after receiving the wafer 13 using a sensor as the detection 
means. 

[Case 1 being adopted for positioning device (aligner)] 

FIG17 shows one Example in which the positioning method of the present 
invention is used for the positioning device. The positioning device 10 is 
equipped with a holding stand 19 capable of adsorbing the wafer 13 in vacuum 
and equipped with a rotation means, an X-axis transfer means and a Y-axis 
transfer means which can transfer to one direction or 2 directions and an elevator 
means 21, under the holding stand 19. Hereat, a detection arm 24 provided on a 
stage is rotated in a condition in which the wafer 13 mounted by the carrying 
robot 4 and the like is left alone, to draw a detection locus 43, and 2 points on the 
outer peripheral rim of the wafer 13 are detected by the optical sensor 9 as the 
detection means which was provided at the edge portion of the detection arm 24. 
The center of the wafer is calculated using the two points and applying the 
calculation method of the present invention which was described above, the 
correction of an X-axis direction and Y-axis direction is carried out, the wafer 
which was held in replacement and placed at a normal position is rotated, and 
another sensor detects a notched portion on the rim portion of the wafer 13 to 
stop the rotation. 

[Case 2 being adopted for positioning device (aligner)] 

FIG.18 shows the positioning device 10 with respect to a case that the detection 
arm 24 is shorter than the radius of a wafer and the operation method and 
positioning method are similar as FIG17. 
[Case 3 being adopted for positioning device (aligner)] 



-29- 



FIG19 shows a case that the positional detection method of the present 
invention is carried out by a conventional positioning device. The positioning 
device 10 is equipped with the holding stand 19 which can be rotated, an X-axis 
transfer means and a Y-axis transfer means, an elevator means and the point 
sensor 9 as the detection means. When the wafer 13 rotated is eccentric, two 
points are detected by cutting the rim portion of the wafer by the detection route 
43 with the same radius as the wafer 13 by rotation. The positioning method 
thereafter is similar as FIG 17. 

Conventionally, the positional information of a disc-like object for the disc-like 
object which was carried to a mounting stand by the carrying robot and the like is 
obtained by a detection method shown in JP-A-6-224285 which uses an optical 
line sensor. In the method, the mounting portion is driven by rotation and the 
positional information of a rim portion by one cycle is required to be detected. As 
shown in FIG20, when the portion of a rim portion is out of the detection range 
of a line sensor, an X-axis transfer means and a Y-axis transfer means are driven, 
and the positioning motion is carried out in assumption that the disc-like object is 
held in replacement so as to be within a detection range. Then, when the 
positioning method of the present invention is used, other portion enters in the 
sensor by rotation without fell even if the portion of the rim portion is out of the 
detection range; therefore if one point on the line sensor is determined as a 
detection point, the center positional information of a disc-like object is 
calculated by the center position calculating method of the present invention in 
like manner as FIG19. Namely, holding in replacement is not required at all and 
the center of a wafer can be calculated. 

Further, if the center position of a wafer is grasped, the X and Y driving portions 
of the positioning device are unnecessary, and as shown in FIG21, the disc-like 
object 13 can be positioned by operating the carrying robot 4 and moving the 
holding portion 14 to a normal position before mounting. 
[Sensor to holding portion] 

As shown in FIG.22, the sensor 9 is provided at the edge or side portion of the 
holding portion 14 of the carrying robot 4, two points on the outer peripheral rim 
of the disc-like object 13 mounted are detected by the rotation and bending and 
stretching motion of the carrying robot 4, and the center position of the disolike 
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object 13 can be calculated. Further, when it is judged whether a notched portion 
and the like are duplicated on the detection route or not, two detection means are 
provided at the holding portion 14 by the methods shown in FIG 10 and FIG11, 
or the disc-like object 13 shall be scanned twice by one detection means, 
[Sensor to port door] 

In FIG23, two sensors 9 are installed on a door for a cassette of the carrying 
device 2 (only one sensor is shown in the drawing), the carrying arm 12 of the 
carrying robot 4 is driven to be linearly moved, when the wafer 13 is taken out, 
its center Is calculated to be positioned, and it is corrected to a correct route to 
other port to which it should be carried. The calculation method is shown in 
FIG10 and FIG11. 
[linear movement] 

FIG24 is one Example of the positioning device of the present invention 
according to Claim 9. A detection means 9 which is composed of one sensor is 
provided being annexed to the carrying robot 4 3 the carrying arm 12 of the 
carrying robot 4 is driven to linearly move the wafer 13, and two points on the 
outer peripheral rim of the wafer 13 are detected. Its center is calculated by these 
to be positioned, and it is corrected to a correct route to other port to which it 
should be carried. The calculation method is previously shown in (Formula 12) to 
(Formula 15). 

Then, with respect to Examples according to the second method and a device 
thereof of the present invention in which at least 3 points on the peripheral rim of 
a disc-like object with an unknown radius are detected by one detection means 
(sensor), a case that the disc-like object is mounted on a fixed position and the 
detection means is moved as FIG31 and a case that the detection means is fixed 
and the disc-like object is moved as FIG32A and FIG.32B are separately 
illustrated. 
[Example A] 

In a device shown in FIG3I, the sensor 9 as a one-point detection type detection 
means is provided at the edge of the holding portion of a carrying device. An 
optical reflective type sensor is preferable as the sensor 9, but known sensors 
may be used so far as they can detect the peripheral rim of the disc-like object. 
Hereat, the carrying robot as the carrying device and the disc-like object 47 are 
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arranged on a reference co-ordinate system, the original point position is 
considered to be situated on the rotational center of the carrying arm 12 of the 
carrying robot for convenience, and the disc-like object 47 is mounted on a 
known mounting stand 60 and not moved. The co-ordinates of 3 points or 4 
points on the peripheral rim of the disc-like object 47 are detected by moving the 
sensor 9 along the route 43 of the secondary curve on the reference co-ordinate 
system. 
[Example B] 

On the reference co-ordinate system of FIQ32, the carrying robot and the sensor 
9 as the carrying device whose positions are known are fixed. The disc-like 
object 47 is fixed by adsorption on the holding portion 14 of the carrying aim 12 
of the carrying robot. When the specific point on the holding portion 14 is moved 
along the quadrant curve locus 43, the sensor 9 detects 3 points on the peripheral 
rim Of the disc-like object 47. As shown in FIG.32A, when the sensor 9 is going 
to be hidden in the disc-like object 47, the image of the specified point Ki on the 
holding portion 14 becomes an original point Ko by the representation (transfer) 
from the position of the disc-like object 47 to the disc-like object 46, and the 
image of a point J 2 on the peripheral rim which was detected by the sensor 9 is 
moved in parallel to a transfer straight line to the original point and represented 
to the point Ji. 

As shown in FIG.32B, a point J 4 being the second point is detected when the 
sensor 9 is going to be separated from the disc-like object 47, and represented to 
a point J3 in accordance with the representation of the specified point Ka On the 
holding portion 14 to Ko at that time (the angle change of the disc-like object 46 
by the angle change of the holding portion 14 is compensated). 

The residual two points on the peripheral rim are detected at the symmetry 
positions of Ji and J 3 , but the center position and radius of the disc-like object 47 
are detected using 3 points among these 4 points. When 3 points are detected, the 
motion of the holding portion may be stopped. 

The intersection co-ordinate and the center co-ordinate of the disc-like object 
are calculated based on these measurement values, and used for the fore- 
mentioned reference position teaching method, automatic teaching method and 
the like. ■ 
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Further, the positional calculation and the like for carrying out the automatic 
teaching method, automatic positioning method and automatic carrying method 
of the present invention shall be carried out by the control portion 11 of the 
carrying device 2 in the above-mentioned Examples, but the present invention is 
not limited to this, and a separate computer and the like which were connected 
with the above-mentioned control portion 11 may carry out it. 

Further, the inputs of the initial value at the step Sll of FIG 13, the step Tl of 
FIG 14 and the step Ul of FIG 15 are automatically carried out by performance of 
a program in the above-mentioned Examples, but the input may be manually 
carried out with keyboard operation and the like- 
Industrial Applicability 

As illustrated above, according to the reference position teaching method and 
automatic positioning method of a disc-like object of the present invention, since 
a proprietary positioning machine is not specifically required, space reduction 
can be designed and a device cost can be also suppressed- Further, one or two 
cheap point sensors are also sufficient for the sensor being the detection means, 
and it could contribute to cost lowering- 

By the way, in case of one sensor, since the co-ordinate of the sensor is 
determined, a light axis may be deviated a little and cost-down can be designed. 

On the other hand, when motion by once and a plural number of sensors are 
used, through-put (productivity) can be improved and the teaching after 
maintenance can be easily carried out. 

Further, according to the automatic teaching method and a device thereof based 
on the present invention, working ^teps can be steeply shortened in case of the 
semiconductor manufacturing equipment of FIG. 1 and working time can be 
reduced to about 1/10 to a conventional work, that is, about 1 to 2 hours. Further, 
since there is no manual error such as visual confirmation of a carrying position, 
a condition before working can be easily recovered even if maintenance is carried 
out Furthermore, since the transition quantity can be carried out during carrying 
a disc-like object, the time of going and returning for carrying it to a positioning 
device was abbreviated and productivity was improved. Then, when a detection 
means is always operated and passes the detection means 9 according to 
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requirement, positional deviation is detected; therefore it is managed whether the 
carrying is normally carried out or not and normal operation can be always 
carried out. 

Additionally, since the unknown radius of a disc-like object can be measured 
and judged, wafers having different sizes can be simultaneously fed to a 
semiconductor processing equipment and processed if the radius is confirmed by 
every sheet with the device of the present invention, and the improvement of the 
rate of line operation and the productivity can be realized. 



